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INTERARTERIAL CORONARY ANASTOMOSES 


After three centuries of active investigation and 
debate, the existence of mammalian intercoronary 
arterial anastomoses has become generally accepted. 
When watery solutions or suspensions of very fine 
particles like India ink are injected into one coronary 
artery, they appear promptly in the other coronary 
arteries and their branches. Observations of this 
kind demonstrate the existence of anatomic inter- 
coronary communications, but many other condi- 
tions, limitations and qualifications must be satisfied 
to establish the presence of functionally and clini- 
cally significant coronary anastomoses in man. 

Anatomic demonstration of normal intercoronary 
arterial anastomoses. Watery solutions injected into 
a coronary artery appear in capillaries and veins as 
well as in other coronary arteries. They may there- 
fore bridge the gap between the coronary arteries 
at a capillary or venous level rather than by way of 
arterial channels. 

Since tears through vascular walls are readily 
produced under many conditions, injected materials 
also may cross to other coronary arteries and to the 
veins by way of factitious extravascular channels, 
rather than through intact vessels. Small communi- 
cations are acceptable as unquestionable, interarte- 
rial vascular anastomoses only when a continuous, 
vascular pathway filled with mass can be demon- 
strated connecting two coronary arteries. Such path- 
ways 4re demonstrable by careful gross dissection 
when the connecting vessels exceed 0.1 mm in diam- 
eter. Interarterial anastomotic channels of smaller 
diameter may be traced along their entire course by 
careful study under the dissecting microscope in 
cleared, translucent tissue or by laborious recon- 
struction of a complete set of serial microscopic 
sections. Confirmation of the exclusively vascular 
nature of connecting pathways is also gained by the 
failure ever to find extravasated injected material 
in numerous random microscopic sections. Unfortu- 
nately, most reported anatomic demonstrations of 
intercoronary arterial anastomoses are not suffi- 
ciently critical of the methods used, To circumvent 
these difficulties it is necessary to use an injection 
technic whereby the injected substances do not reach 
the capillary bed and remain within the vascular 
tree.1 Physiologic studies of intercoronary anasto- 
moses in living preparations by measuring rates of 
flow in coronary arteries distal to sites of occlusion 
are less subject to this type of criticism than studies 
on anatomic specimens. 
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Any type of anatomic demonstration of intercoro- 
nary arterial anastomoses may not be applied with- 
out reservation to conditions in other animal species 
or in different pathologic states in the same species. 
Thus, in most mongrel dog hearts there are grossly 
dissectible intercoronary arterial anastomoses about 
0.1 mm in diameter; in contrast, such anastomoses 
are usually absent in the normal young and adult 


‘domestic pig and in the human coronary tree.? 


Functional significance of normal intercoronary 
anastomoses. There is an important difference be- 
tween the anatomic and physiologic concepts of end 
arteries and interarterial anastomoses. To the anato- 
mist, an end artery is an artery which does not 
communicate with other arteries through any anas- 
tomotic connection, even down to the level of its 
capillary bed. To the physiologist and the clinician, 
an end artery is an artery which alone supplies suffi- 
cient blood to an area of tissue to maintain its 
function and integrity; when this vessel is occluded 
the dependent area undergoes loss of function or 
necrosis.3 

In the normal human heart the coronary arteries 
do present anatomic anastomoses on the capillary 
level. They are clearly end arteries physiologically, 
however, in that these anastomoses are not of suf- 
ficient size and number to be functionally significant 
in preventing myocardial infarction after sudden 
coronary artery occlusion. While not of major func- 
tional significance they may possibly limit the size 
of infarcts and provide a vascular framework for 
the potential development of larger intercoronary 
anastomoses. 

Functional significance of abnormal interarterial 
coronary anastomoses. Interarterial anastomoses 
demonstrable by an injection mass which does not 
traverse the capillary bed are found in many paiho- 
logic human hearts. They are most frequent in hearts 
with marked coronary arterial narrowing or occlu- 
sion. These abnormal anastomoses are of great 
functional significance in that they can reduce or 
even prevent entirely both the clinical manfestations 
of heart disease and also the pathologic evidences of 
myocardial necrosis after coronary artery occlusion. 
No other type of anastomosis has been found with 
such functional and clinical significance. 

Extracoronary anastomoses. Vascular communi- 
cations between coronary vessels and other systems 
have been frequently postulated. Considerable the- 
oretical importance has at times been attached to 
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them as accessory pathways for blood flow to the 
myocardium in the presence of coronary artery oc- 
clusion, These suggested communications consist of 
coronary arteriovenous shunts; coronary-luminal 
(Thebesian) connections between the cardiac cham- 
bers and the coronary arteries, capillaries or veins; 
and extracardiac anastomoses between coronary and 
adjacent arteries in the great vessels, pericardium, 
mediastinum, pleurae and lungs. As yet there has 
been no completely satisfactory demonstration in 
human hearts of the functional value of such extra- 
coronary anastomoses. 

Speed of development of interarterial coronary 
anastomoses. The time it takes for coronary inter- 
arterial anastomoses to develop has been adequately 
studied only in animal experiments. The results may 
not be completely applicable to the human patient. 
Following partial narrowing of a coronary artery 
in the dog and pig, large anastomotic communica- 
tions between the coronary arteries developed in a 
period of 4 to 12 days.? This collateral circulation 
was shown to be of functional significance in that 
subsequent complete occlusion of the previously nar- 
rowed coronary artery was not followed by death of 
the animal nor by extensive necrosis of the involved 
myocardium. 

Mechanism of production of anstomoses. In a large 
series of human hearts injected routinely at au- 
topsy,5 a striking correlation was found between 
the antemortem presence of anemia and coronary 
artery anastomoses. In grossly normal hearts with- 
out hypertrophy, valvular or coronary disease, from 
non-anemic patients, the incidence of anastomosis 
was 9 per cent; in a similar normal group, but from 
patients with anemia, the incidence was 39 per cent. 
In further contrast with the incidence of 9 per cent 
in the normal control group anastomoses were found 
with increased frequency in association with various 
types of cardiac pathology: 26 per cent in uncom- 
plicated cardiac hypertrophy; 28 per cent in valvular 
disease; 73 per cent in cor pulmonale; 55 per cent 
in marked coronary artery narrowing; 74 per cent 
in hearts with fresh and 100 per cent in hearts with 
old coronary artery occlusions. Relative cardiac 
anoxia, present in each of these conditions, appears 
to be a basic stimulus for the development of these 
abnormal interarterial connections. The relative 
anoxia is differently produced in each: coronary 
disease causes diminished coronary blood flow; the 
hypertrophied heart demands more blood; in cor 
pulmonale the oxygen saturation of the blood is re- 
duced; and in anemia the oxygen capacity of the 
blood ig diminished. 

Wiggers® has stressed the importance of a dif- 
ferential gradient of pressure in the development 
of intercoronary anastomoses. Biochemical factors, 
such as local tissue anoxia, which produce changes 
in vasomotor tone may also be involved. These two 
conditions, physical and biochemical, are not mu- 


stages in the production of anastomoses. 

Clinical implications. The variability of the clini- 
cal manifestations of coronary artery disease is ex- 
plained by the vagaries of coronary artery athero- 
sclerosis and by variations in interarterial coronary 
anastomoses. Clinical symptoms occur only when 
interference with the nutrition of the myocardium 
results in ischemia or necrosis of heart muscle, 
Acute myocardial infarction results from the ob- 
struction of a coronary artery in a previously normal 
patient in the absence of functionally significant 
interarterial coronary anastomoses. The occasional 
complete absence of clinical symptoms despite mul- 
tiple, old coronary artery occlusions emphasizes the 
functional significance of abnormal, compensatory 
collateral vessels. 

Treatment of coronary artery disease also re- 
quires consideration of the state of the intercoronary 
anastomoses. Following acute occlusion of a coro- 
nary artery or acute reduction in coronary reserve, 
attempts should be directed toward maintaining 
coronary blood flow and reducing the work of the 
heart during the critical period of the natural de- 
velopment of compensatory collateral circulation. 
The duration of this interval is known only roughly 
from animal experimentation. Conservative treat- 
ment of the patient with carefully supervised bed 
rest is indicated at this time. These considerations 
apply to the onset or aggravation of angina pectoris 
and coronary failure as well as to acute myocardial 
infarction. 

Varied attempts to produce significant anasto- 
moses between the coronary arteries and extracar- 
diac or Thebesian vessels have met with little suc- 
cess. As yet no methods have been devised to 
stimulate or speed the development of interarterial 
coronary anastomoses. Successful efforts in this 
direction will be of great therapeutic value in that 
it will permit specific therapy for the coronary 
artery occlusion. 
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tually exclusive; they may coexist, but at different 
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